D H E S I O N of leuko cytes occurs acutely in areas of c e reb rovascular injury in humans and ex p e ri m e ntal animals.
D H E S I O N of leuko cytes occurs acutely in areas of c e reb rovascular injury in humans and ex p e ri m e ntal animals. 1 4 , 2 6 L e u ko cytes have been suggested to c o n t ri bute and aggravate isch e m i a -reperfusion injury, fo r wh i ch the adherence of leuko cytes to the endothelium is an essential step . 1 5 L e u ko cyte accumu l ation can occur in a few hours after the onset of ischemia and coincide with the development of postischemic hypoperfusion and progre s s ive neuronal deat h . 1 4 L e u ko cytes adhere to the endothelium by means of specific membrane-bound glyc o p rotein molecules such as the ␤ 2 -i n t egrin re c eptor comp l ex, CD11/CD18. 2 8 S y n t h e s i zed rap i d ly by endothelial c e l l s , 3 0 p l at e l e t -a c t ivating factor (PAF) enhances leuko cy t e adhesion to the endothelium. 1 9 P l at e l e t -a c t ivating fa c t o r can also signal neutrophil chemotaxis and activation in a ddition to an array of direct noxious actions such as va s oc o n s t riction, platelet aggregation, and release of other i n fl a m m at o ry mediat o rs . 2 0 The pat h o p hy s i o l ogical significance of these biological events in vivo remains unprove n in ischemic brain injury.
Recent ex p e rimental studies have indicated that pharm a c o l ogi c a l ly induced decrease in the number of circ u l ating leuko cytes or inhibition of their biological activ i t y i m p roved micro c i rc u l ation, function, and surv ival of neuronal tissue after isch e m i a .
9 , 1 2 Chemical inhibition of p h ago cytic and secre t o ry function of mononu clear phagocytes improved long-term motor re c ove ry even wh e n t re atment was delayed up to 6 hours fo l l owing rep e r f u s i o n after spinal cord ischemia in rabb i t s . 1 2 The effect of more s p e c i fic ap p ro a ches targeted at inhibition of leuko cy t e adhesion is controve rsial. Clark, et al. , 8 p re t re ated rabb i t s with the anti-CD18 adhesion molecule, R3.3, and ߜ Adhesion of leukocytes to the endothelium can occur in a few hours after the onset of ischemia, and the actions of leukocytes have been suggested to aggravate reperfusion injury. Adhesion is a prerequisite for the harmful leukocyte actions. Rapid mediation of leukocyte adhesion and aggravation of reperfusion injury can occur through production of platelet-activating factor (PAF). The authors hypothesized that prevention of leukocyte adhesion during ischemia reperfusion would have beneficial effects and that these effects might be enhanced by a PAF antagonist. To test this hypothesis, rabbits were anesthetized with pentobarbital and subjected to severe spinal cord ischemia (25 minutes) followed by 30 minutes of reperfusion, at which time either vehicle, antibody against the CD11/CD18 (anti-CD) leukocyte adhesion molecule (1 mg/kg), or the anti-CD and PAF antagonist, WEB 2086 (3 mg/kg), was administered intravenously and the animals were monitored for 6.5 hours. Using a score from 0 to 5, recovery of motor function was improved at 5.5 hours by the CD antibody (2.0 Ϯ 0.5 versus 0.4 Ϯ 0.2 in the six animals in the vehicle group, p Ͻ 0.05). No further improvement was induced by WEB 2086 in the six anti-CD treated animals (1.6 Ϯ 0.7). Spinal cord blood flow (laser Doppler flowmetry) at 6 hours was at the preischemic level in the control animals (Ϫ7% Ϯ 2 0 % ) , but clearly increased in the anti-CD group (+73% Ϯ 29%, p Ͻ 0.5). The severity of blood-brain barrier damage in the spinal cord gray matter was decreased by the treatments. Extravasation of intravenously injected Evans blue albumin (EBA), measured by detection of EBA fluorescence, was reduced by approximately 50% in both treated groups (p Ͻ 0.05). The number of morphologically normal motor neurons in the lumbar anterior horns of the infarcted spinal cord showed protection in the seven animals in the anti-CD treated group at 6.5 hours: 12.7 Ϯ 1.7 versus 5.3 Ϯ 1.6 (vehicle), p Ͻ 0.05 without an additional effect by PAF antagonist 12.2 Ϯ 2.6 (anti-CD + WEB 2086). Our results suggest that ultraacute treatment of reperfusion injury based on special inhibition of leukocyte effects may be beneficial. Platelet-activating factor antagonism failed to enhance this therapeutic effect, which may suggest dependency on a common mechanism.
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A o b s e rved improvement of neuro l ogical function in isch e m i a -reperfusion of the spinal cord, but no effect in c e reb ral ischemia. Ta keshima, et al. , 2 9 t re ated cats with CD11/CD18 antibody, MoAb 60.3, during cereb ral ischemia fo l l owed by reperfusion and found no effect on the extent of injury, neuronal function, or blood fl ow.
We have prev i o u s ly demonstrated the fo rm ation and p at h o l ogical effect of PAF in deteri o rating stro ke in rabbits at 2 hours after rep e r f u s i o n . 2 4 P l at e l e t -a c t ivating fa c t o r a n t agonist tre atment during ischemia inhibited tissue edema and post-ischemic hypoperfusion and reduced neut rophil accumu l ation in a model of focal brain damage. 1 0 In the present study, we examined the hypothesis that t h e rap e u t i c a l ly administered specific antibody dire c t e d against the ␤ s u bunit of the integrin LFA-1, a leuko cy t e adhesion molecule, protects neuronal tissue and function and that these effects might be enhanced by a PAF antagonist through inhibition of leuko cy t e -i n d ependent PA F e ffe c t s .
Materials and Methods

Surgical Preparation and Laser Doppler Flowmetry
We used the well-described rabbit spinal cord model of deteriorating stroke.
7 , 1 6 , 1 7 , 2 1 , 3 1 Male New Zealand albino rabbits* weighing between 1.8 and 3.8 kg were housed at 22˚C in a 12-hour light/12-hour dark cycle with food and water ad libitum. The rabbits were sedated with ketamine hydrochloride (50 mg/kg intramuscularly) and anesthetized with 40 mg/kg of sodium pentobarbital given intravenously through the right ear vein. Each animal underwent tracheostomy and received a muscle relaxant (gallamine triethiodide; 3 mg/kg intravenously) and was respirated artificially † (stroke volume 17 cc/kg and rate 30-35 minute) with oxygen given directly into the endotracheal tube. Anesthesia was maintained with supplementary doses of pentobarbital. The physiological state was observed and maintained within the following ranges as described e a r l i e r : 1 7 , 2 2 pH, 7.3 to 7.48; PCO 2 , 25 to 37 mm Hg; and PO 2 , 100 to 125 mm Hg. Body temperature was measured with a rectal thermometer and maintained within normal range with a water-jacketed heating pad. A Swan Ganz No. 4 French catheter was advanced via the right femoral artery to the abdominal aorta to reach a level of between 0.5 and 1.5 cm below the left renal artery. The correct internalized catheter length was estimated in preliminary studies and established post mortem in each case. Heparin (500 IU) was infused to prevent clotting of the catheter. The mean arterial pressure (MAP) proximal to the occlusion was monitored with a physiograph ‡ through the opening at the catheter tip, whereas a polyethylene-60 catheter was placed into the left femoral artery to measure the MAP distal to the occlusion.
While the rabbits were stabilized in a stereotactic spinal cord unit, § a laminotomy was performed at L-5 to expose the lumbar spinal cord for laser Doppler flowmetry, as described previousl y . 2 1 , 2 2 Briefly, the surface of the exposed spinal cord was microscopically examined to select bilaterally two areas approximately 2 mm apart and devoid of visible blood vessels. The tips of two identical fiber optic laser Doppler flowmetry probes mounted on electrode carriers were placed in contact with the intact dura over the chosen areas, a special effort being made to avoid compression. The probes were connected to two laser Doppler flowmeters* capable of generating a 5 mW 780-nm laser beam and analyzing the light scattering back from tissue. Their output was averaged every 5 seconds, and the mean was taken to be the blood flow in the spinal cord, an estimate that was validated previously. 2 2 
Ischemia-Reperfusion Protocol
During a stabilization period of 30 minutes before ischemia, arterial samples for complete blood counts were collected, and baseline measurements were obtained for spinal cord blood flow. The two neighboring, contralaterally positioned probes were used to record the laser Doppler flowmetry signal for 1 to 2 minutes from one site before both were withdrawn and repositioned for repeated recordings from two additional sites within 1 mm of the first site. The six short laser Doppler flowmetry recordings obtained were averaged and used as an estimate of baseline blood flow. We have recently reported results suggesting the utility of this mode of multiple discontinuous laser Doppler flowmetry recordings in situations in which probe contact cannot be maintained throughout the experim e n t . 2 1 Both probes remained in place during ischemia and for 15 minutes of reperfusion during on-line verification of the depth of ischemia and successful reperfusion. To cause occlusion of the abdominal aorta, the balloon of the Swan Ganz catheter tip was inflated with 0.7 cc of air until the distal MAP dropped rapidly below 40 mm Hg and spinal cord ischemia developed (Ͼ 7 0 % blood flow drop), as monitored by on-line laser Doppler flowmetry. If this level of ischemia was not reached during a test occlusion of approximately 30 seconds, the Swan Ganz catheter was advanced slightly to ensure occlusion of all radicular arteries supplying the lumbosacral spinal cord.
During the course of these experiments, the laminotomy site was in some instances placed at L-4 to ensure that the level of ischemia was homogeneous throughout the lumbosacral spinal cord sections. After 25 minutes of occlusion the balloon was deflated and the catheter was flushed with 1 to 2 ml of 100 IU/ml heparin-saline solution. Blood gases and rectal temperature were recorded before ischemia and 15 minutes after reperfusion, and corrected if necessary. Thirty minutes after reperfusion, the drug infusions were given intravenously through the ear vein (see drug treatments below). Thereafter, anesthesia was no longer maintained. The Swan Ganz catheter was removed while the left femoral catheter was heparinized, closed, and left in place in the femoral skin pouch. The laminotomy site was closed with staples. Blood oxygenation was ensured during spontaneous breathing with supplemental oxygen, if necessary. Blood gases were monitored at a maximum of 45 minutes apart and at 2 hours of reperfusion; sampling for complete blood counts and rectal temperature measurement were repeated.
The neurological score (see below) was recorded 5.5 hours after reperfusion, at which time the rabbits had regained consciousness. The rabbits were reanesthetized with pentobarbital, the blood gases were monitored and corrected as needed. Samples of complete blood counts were obtained. The rabbits were again stabilized and prepared for laser Doppler flowmetry recording as described above. A volume of 1 ml/kg of 2% Evans blue dye and 1% bovine albumin solution (EBA) was injected intravenously and allowed to circulate for 30 minutes, after which (at 6.5 hours) the animals were killed with a pentobarbital overdose (2 ml of 65 mg/ml). The spinal cord was rapidly dissected. A lumbosacral cord tissue block underneath L-5 lamina was immersion fixed for at least 48 hours in 10% phosphate-buffered formalin for histopathological examination and a neighboring caudal section was immediately frozen in liquid nitrogen-cooled isopentane to be analyzed for blood-brain barrier (BBB) i n t e g r i t y .
The experiments reported herein were conducted according to the principles set forth in the Guide for the Care and Use of Laboratory Animals, Institute of Laboratory Resources, National Research Council, DHHS, Publication No. 85-23 of the National Institutes of Health and were approved by the Uniformed Services University laboratory animal review board.
Tissue Evaluation
Fifteen-micrometer serial sections were cut for histopathological examination and stained with hematoxylin and eosin (H & E). The number of large anterior horn neurons with histological characteristics of normal and abnormal structure (intracytoplasmic vacuolization, shrinkage and hyperdensity of the nuclei (pyknosis), perineuronal large halo, eosinophilic or dark, shrunken cytoplasm with indistinct neuronal processes 1 1 ) were counted bilaterally in each section. The results of neuronal counting in four sections were a v e r a g e d .
Fresh-frozen tissue sections (16 m) from the lumbosacral spinal cord at level L-5 were subjected to quantitative analysis of total Evans blue fluorescence in the gray matter of each section using a scanning laser fluorescence image analyzer. † Fluorescence emissions were excited by scanning argon laser beam at a wavelength of 488 nm, gathered by computerized microscopy followed by image analysis and expressed in arbitrary fluorescence units. An isolation filter allowing passage above 630 nm was used, which is appropriate for detection of Evans blue fluorescence. 2 7 Identical scanning microscopy parameters were used in examination of all sections.
Neurological Score
The severity of hindlimb paralysis was observed separately in each hind limb at 5.5 hours after reperfusion. A six-point scale was used: 0, complete paraplegia; 1, paraplegia with minimal functional movement; 2, functional movement present, cannot hop; 3, hopping, ataxia and paresis present; 4, hopping, minor impairment; and 5, normal. 1 7 The average performance of the hindlimbs was accepted as the motor score in each rabbit. Muscle spasticity was also tested in the hindlimbs. Pinprick sensation was examined to identify rabbits with complete cutaneous sensory loss in the hindquarters and feet.
Pharmacological Procotol
Solutions for pharmacological treatments were prepared a maximum of 1 hour before infusion. Two separate intravenous infusions were administered over a 30-second period, 2 minutes apart at 30 minutes after reperfusion. The potent and selective PAF antagonist, 6 WEB 2086, in a dose of 3 mg/kg was suspended in normal saline (3 mg/ml) at 20˚ to 30˚C and dissolved with the aid of an ultrasonic bath. Selection of this dose was based on previous reports in the literature and our preliminary experiments with rabbits, which demonstrated total inhibition at 2 hours and more than 80% inhibition of PAF-induced hypotension at 5 hours after treatment (Fig. 1) . A dosage of 1 mg/kg of the monoclonal antibody for CD11/CD18 (anti-CD) leukocyte adhesion molecule (anti-LFA-1 (␤ s u b u n i t ) ; clone R15.7) ‡ was administered in 1 to 3 ml of normal saline. This dose was based on previous experimental data, which showed that 1.25 mg/kg of anti-CD18 (␤ subunit; R3.3) was effective in inhibiting neutrophil migration in rabbits for up to 20 hours. 2 The following treatment groups were assigned (seven rabbits in each): A, Vehicle I + Vehicle II; B, Vehicle I + anti-CD; and C, WEB 2086 + anti-CD solution. The investigator performing all experiments was unaware of which treatment was actually given.
Data Processing and Statistical Methods
Data in figures and tables are expressed as mean Ϯ standard error for the given number of animals. The p values and statistical significance are indicated as computed by analysis of variance (ANOVA) followed by the least-squares difference method. The data of the hemodynamic state and the evolution of the circulating cells were analyzed with ANOVA for the repeated measures. The nonparametric motor score data were analyzed by the Mann-Whitney U test. To examine the relationship between the motor score, neuronal counts, and neutrophil counts, correlation analysis was performed based on Pearson's product moment coefficient followed by significance estimation according to t distribution. A p value of less than 0.05 was considered significant.
Results
The phy s i o l ogical va ri ables we re monitored fre q u e n t ly ( Table 1) and corrected if necessary after each measurement. The rectal temperat u re was measured at a level that ap p rox i m ated the abdominal aorta occlusion. The temperat u re remained within the normal ra n ge ( Table 2) . 1 7 Th e baseline levels of circ u l ating leuko cytes, platelets, and e ry t h ro cytes we re within the normal ra n ge s . 1 8 No diffe rences between the groups we re observed in the levels of c i rc u l ating ery t h ro cytes, hemat o c rit, or hemoglobin. Th e p l atelet counts in the three groups 5. , nonsignificant), the neutro p h i l counts we re signifi c a n t ly elevated in the two anti-C D -t re ated groups as early as 2 hours after rep e r f u s i o n ( Fi g. 2). Mean art e rial pre s s u re showed the expected patt e rn during isch e m i a -reperfusion (Table 3 ). The MAP dis- tal to abdominal aorta occlusion was well below the aut o reg u l at o ry capacity of the rabbit spinal cord. 2 1 Th e re wa s a tendency towa rd hypotension at the end of the ex p e riments, but no significant diffe rences we re observe d b e t ween groups at any time point. The depth of spinal cord i s chemia was similar in all groups: A, Ϫ78% Ϯ 5%; B, Ϫ80% Ϯ 3%; and C Ϫ76% Ϯ 4% (percent decre a s e s (sign Ϫ) from baseline). Reperfusion was successful in all rabbits; the ave raged continuous blood fl ow re c o rd i n g s d u ring the fi rst 15 minutes after reperfusion ra n ged fro m Ϫ7% to +373% of baseline with no significant diffe re n c e s b e t ween the groups. At 5.5 hours, spinal cord blood fl ow was ap p rox i m at e ly at baseline in the ve h i cle group (Ϫ7 % Ϯ 20%), but the dru g -t re ated groups showed va ri ably hyp e remic (sign +) states (B, +73% Ϯ 29%, p Ͻ 0.05; C, +24% Ϯ 23%, nonsignificant). Due to technical diffi c u lties or incomplete re c ove ry from anesthesia, not all rabb i t s could be eva l u ated for the va rious end-points, and the number of animals in each data set is indicated sep a rat e ly. Hindlimb motor function did not re c over in the ve h i cl e group by 5.5 hours after reperfusion, but signifi c a n t i m p rovement of motor function took place in the anti-C D -t re ated group in the six-point motor score scale ( Fi g. 3) . Plat e l e t -a c t ivating factor antagonist tre atment did not enhance this effect. In the groups of six rabbits, fo u r s h owed hindlimb mu s cle spasticity in the ve h i cle gro u p and two in both of the tre ated groups. Complete cutaneous s e n s o ry loss in the hindquart e rs and feet was re c o rd e d in three rabbits in the ve h i cle group and in one and two rabbits in the anti-CD-tre ated and anti-CD with WEB 2 0 8 6 -t re ated groups, re s p e c t ive ly. Q u a n t i t at ive analysis of total EBA fl u o rescence in the gray matter of the fre s h -f ro zen spinal cord sections revealed signifi c a n t ly lower fl u o rescence intensities in both dru g -t re ated groups (Fi g. 4), wh i ch was interp reted to i n d i c ate decreased diffusion of EBA into the gray mat t e r and decreased BBB perm e ab i l i t y. Light micro s c o p i c ex a m i n ation of the stained spinal cord sections demons t rated histopat h o l ogical signs such as cytoplasmic va cu o l i z ation, nu clear pyknosis, peri n e u ronal halo fo rm at i o n , and shru n ken cytoplasm with indistinct neuronal pro c e s ses. These ch a n ges we re part i c u l a rly evident in rabb i t s s h owing no hindlimb motor function (Fi g. 5). The nu m b e r of norm a l -ap p e a ring anterior horn large neurons in spinal c o rd cross-sections was signifi c a n t ly increased compare d to the ve h i cl e -t re ated group in both dru g -t re ated gro u p s ( Fi g. 6). Corre l ation analysis was perfo rmed to cl a ri f y whether the presumed nominal effect of the tre atments on the circ u l at o ry behavior of neutrophils was indeed re l at e d to the histopat h o l ogical and motor outcomes. Intere s t i n g ly, the number of circ u l ating neutrophils at 5.5 hours c o rre l ated dire c t ly with motor score and the total nu m b e r of anterior horn large neurons (Fi g. 7) and indire c t ly with the amount of Evans blue fl u o rescence in the infa rc t e d spinal cord gray matter (r = Ϫ0.52, p = 0.036, not illust rated). As ex p e c t e d, the motor score seemed to depend on the seve rity of the morp h o l ogical ch a n ges observed in the a n t e rior horn neurons but also to some degree on the amount of Evans blue fl u o rescence in the gray matter (r = Ϫ0.54, p = 0.027, not illustrated). Significant corre l at i o n s we re not found between blood fl ow and the ab ove va riabl e s .
Discussion
The present study supports the earlier observation that l e u ko cyte adhesion based on the CD11/CD18 adhesion molecule fa m i ly may have a pat h o p hy s i o l ogical role in c e n t ral nervous system isch e m i a -reperfusion injury. 8 We n ow demonstrate that this concept offe rs a basis for effe c-t ive acute therapy after the onset of reperfusion injury fo ll owing spinal cord ischemia. Improvements in motor function and neuronal surv ival effected by the CD18 antib o dy we re associated with inhibition of BBB damage and e l evation of microvascular blood fl ow, wh i ch suggests that p re s e rvation of micro c i rc u l ation is an important determ inant of the neuro l ogical and histological outcome in the acute phase. Earlier inve s t i gations in this model have revealed a therapeutic window for preventing the delaye d d e t e ri o ration 1 to 2 days after injury by inhibiting the ch ronic infl a m m at o ry re s p o n s e. 1 2 The present data also d e m o n s t rated the existence of an acute therapeutic wind ow for altering the course of ve ry seve re ischemic injury. In ischemic stro ke, three therapeutic strat egies may be wa rranted: clot lysis to enhance reperfusion, control of acute reperfusion injury, and prevention of delayed deterio rat i o n .
Past ex p e rience with this stro ke model has establ i s h e d t h at, fo l l owing complete loss, hindlimb motor function can be regained by four hours after reperfusion befo re seco n d a ry deteri o ration occurs by 24 hours . 1 6 , 1 7 The pre s e n t s e ries of ex p e riments does not ex clude the possibility that the beneficial effects observed at the acute phase of therapy given at a single time point could be lost during lat e r evolution of the multiple pat h o p hy s i o l ogical pro c e s s e s . H oweve r, acute re c ove ry of motor function seems necess a ry for pre s e rvation of some degree of motor function in the late phase, because spontaneous delayed motor rec ove ry is ra re ly observe d. A recent rep o rt indicated that FI G. 2. Graphs illustrating the levels of circulating neutrophils ( u p p e r ) and lymphocytes ( l o w e r ) that were measured repeatedly during the experimental protocol. Blood samples were taken before ischemia and at 15 minutes, 2 hours, and 5.5 hours after reperfusion, as indicated. S q u a r e s represent the vehicle group, c i r c l e s t h e anti-CD group, and t r i a n g l e s the anti-CD with WEB 2086 group. Repeated-measures analysis of variance suggested a significant treatment effect and the asterisks indicate statistical significance in comparison to vehicle group. * and ** indicate p Ͻ 0.05 and p Ͻ 0.01, respectively. b re a k d own of the BBB in the spinal cord gray matter is an a c u t e, transient phenomenon that occurs at 30 minu t e s after reperfusion and coemerges again with delayed deteri o ration of motor function at later time points (8 to 24 h o u rs ) . 1 6 Based on these observations, the present tre atment protocol was designed to improve motor re c ove ry at the acute stage with a tre atment pre s u m ably inhibiting e a rly BBB damage. Extrava s ation of EBA in the spinal c o rd gray matter was signifi c a n t ly lower (Fi g. 4) in both d ru g -t re ated groups compared to the ve h i cl e -t re at e d group, and this corre l ated with motor score. Th e re fo re, e a rly opening of the BBB may be primed by actions of l e u ko cytes and might be an important aspect of subsequent functional deteri o rat i o n .
The pat h o p hy s i o l ogical significance of the level of p o s t i s chemic blood fl ow in isch e m i a -reperfusion models remains a matter of controve rs y. The evolution of circ u l at o ry states of the infa rcted spinal cord after reperfusion in the present model has been re l at ive ly well described with laser Doppler fl ow m e t ry and iodoantipy rine autora d i ograp hy. After a transient reperfusion hy p e remia of ap p rox im at e ly 30 minutes, blood fl ow re t u rns to baseline bu t s t a rts to decline 1 to 2 hours after rep e r f u s i o n . 1 6 , 2 1 , 2 4 Th e p o s t i s chemic hypoperfusion at 2 hours after rep e r f u s i o n , its seve rity and duration, depend on the duration of i s ch e m i a . 2 1 At 2 hours, the spinal cord micro c i rc u l at i o n s h owed dy s reg u l ation of CO 2 re a c t ivity during hy p e rc apnia and dose-dependent ischemia-induced tissue edema. 2 1 Th e rapeutic administration of a PAF antagonist (BN 50739, 10 mg/kg intrap e ri t o n e a l ly)) during 25 minutes of i s chemia prevented the hypoperfusion and reduced tissue edema at 2 hours after rep e r f u s i o n . 2 4 At the time wh e n some motor function could be rega i n e d, typically at 4 to 6 h o u rs postischemia, hypoperfusion still persisted at ap p rox i m at e ly Ϫ30% of baseline in the ve n t ral and interm e d i ate gray mat t e r. 1 6 D u ring the period of hy p o p e r f usion, ex t rava s ation of EBA was milder than at 0.5 hours or at 12 to 24 hours. Howeve r, a delayed phase of hy p e re m i a (12 to 24 hours) developed in these areas, wh i ch seemed to corre l ate with a poor prognosis of motor function in that s t u dy. It was suggested that the delayed hy p e remia in the p resence of BBB damage enhanced edema fo rm at i o n , wh i ch was 7.7% gre ater in the gray matter of nonhopping rabbits (motor scores 0, 1, 2) at 24 hours than in the rabbits with a better motor score. It ap p e a rs from the ab ove i nve s t i gations that, in the presence of BBB damage, the perfusion state influences the passive ex t rava s ation of proteins and fluid according to Starl i n g 's law. Howeve r, the hypoperfusion at 1 to 4 hours may rep resent a pat h o l ogical corre l ate of BBB damage in that both can be inhibited by tre atments aimed at pre s e rvation of micro c i rc u l at i o n . This is supported by the present data demonstrat i n g d e c reased gray matter Evans blue fl u o rescence (Fi g. 4) and somewh at higher blood fl ow values in the tre at e d groups. In contrast to the study of the nat u ral course of this ex p e rimental stro ke, 1 6 hy p e remia in the dru g -t re ated rabbits with reduced BBB damage was not associated with wo rsened motor perfo rm a n c e. These data also support the assumption that leuko cytes can acutely perturb micro c i rc u l ation in stro ke.
Although the circ u l ating neutrophil counts re m a i n e d s t able in the ve h i cle group, they we re signifi c a n t ly elevated in both tre atment groups at 1.5 hours after drug infusions and increased further by 5 hours (Fi g. 2) . Complete blood count diffe rentials showed that neutro p h i l s i n c reased up to thre e fold by anti-CD tre atment and ly mp h o cytes only up to two fold from baseline. It is we l l k n own that the ra re "leuko cyte adhesion defi c i e n cy synd rome" caused by lack of synthesis of the ␤ s u bunit of the CD11/CD18 complex is associated with persistent peri p he ral leuko cytosis even in the absence of infe c t i o u s episodes. The leuko cytosis is believed to re flect the inab i lity of neutrophils to margi n ate and adhere loosely to the e n d o t h e l i u m . 3 I n d ividuals who suffe red from the seve r-est fo rm of the disease (total lack of gra nu l o cyte CD11/CD18 s u r face antigens) exhibited white blood cell counts of 26 ϫ 1 0 3 / m m 3 at a minimum, wh e reas patients whose leukocytes ex p ressed 2% to 7% of normal level of these antigens had white blood cell counts of 15 ϫ 1 0 3 / m m 3 at a m i n i mu m . 1 Because the antibody that we used binds to the same ␤ s u bunit, we consider the liberation of leuko cy t e s into the circ u l ation in our dru g -t re ated rabbits to be a p ro b able indicator of the effi c a cy of the adhesion antagonism. This interp re t ation fits with the fact that the tre atment-induced ch a n ges in the circ u l ato-ry behavior of n e u t rophils corre l ated signifi c a n t ly with motor re c ove ry and with neuronal surv ival (Fi g. 7) and indire c t ly with the d egree of BBB damage.
C l a rk and colleag u e s 8 found the CD18 antibody (R3.
3) e ffe c t ive in the isch e m i a -reperfusion model of the spinal c o rd, but ineffe c t ive in the model of multiple irreve rs i bl e c e reb ral emboli. Th ey concluded that inhibition of leukocyte adhesion is therapeutic only in association with rep e rfusion injury. The ex p e riments by Ta keshima, et al. , 2 9 d o not seem to support this view. A monoclonal antibody against the CD18 molecule (MoAb 60.3; 2 mg/kg) wa s i n e ffe c t ive when given to cats prior to reperfusion injury induced by 90 minutes of ischemia of the middle cereb ra l a rt e ry terri t o ry and fo l l owed by 180 minutes of rep e r f usion. Although this is a ve ry acute protocol for tre at m e n t e ffects to be demonstrat e d, the antibody failed to improve the re c ove ry of evo ked potential response and to decre a s e the tissue area not staining with tri p h e ny l t e t ra zolium ch l ori d e. 2 9 Blood fl ow was not signifi c a n t ly reduced in any of the most perturbed cortical areas at 180 minutes of reperfusion, but it was on a sharp decl i n e. It remains to be demonstrat e d, whether secondary deteri o ration can be p revented in similar models at a slightly later time point,
